vary considerably according to location and wind direction, as do the beneficial effects on our health.
Ms. Repor-Tastory: Gosh, yes: taking the air along the edge of a rapeseed field in full bloom in early Summer, with the nasal passages succumbing to a spirited pollen assault, and the air thick with insects, gives the feeling of breathing lentil soup! Dr. Noitall-Most: Yes, and of course pollen is a major component of the non-nitrogen, non-oxygen part of air that we inhale during the tree reproductive season and, at specific times in the farming calendar, like the one you mention. Interestingly, pollens have their own specific microbiomes, 10 so act as carriers for microbial enrichment of our airways and GI tract. However, the diversities of pollen microbiomes are not enormously high and their beneficial effects on stimulating the immune system are somewhat counteracted by the histamine storm that pollen provokes in many people, when they venture outside. And, interestingly, the pollen microbiome has also been implicated in pollen allergy.
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In any case, the newly-appreciated beneficial effects on our health of microbially-laden aerosols has led to unexpected and explosive price increases in city houses near waste treatment plants, municipal composting facilities, well-tended leafy parks subjected to a weekly blower coiffeur that collects vegetable and other matter into nice small piles and creates a miasma of microbially-laden dust for locals to respire and ingest, airport runways and helicopter pads, and in country properties downwind of domestic animal residences, like dogs' homes and horse stables, farm husbandry buildings, including poultry houses, farm animal markets, etc., that are regularly mucked out, and near mixed farming land where pig slurry is periodically sprayed on the fields. 9 Long gone are the days when extortionate house prices were justified by the poshness and aristocratic credentials of neighbours, and the distance to well-regarded and highly performing schools! Ms. Repor-Tastory, wrinkling her nose disapprovingly: Yes, this trend is now the major topic of conversation at cocktail parties, but the prevailing odour after the slurry cart has been out and about can be overwhelming and promptly drives inside everyone enjoying cocktails on the terrace.
Dr. Noitall-Most: Of course but, with time, our senses get accustomed to such stimulations and relegate them into our perception background. And, dare I say it, we then start to appreciate such smells as key ingredients of good country air!
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Anyway, at this juncture, I might also mention that it has recently been shown that a large fraction of microbes in the gut microbiota are spore-formers, 12 and other stress-resistant forms, and an important conclusion drawn from this finding is that it is such forms that are preferentially shared between people. 12 Of course, much of the environmental microbial bounty that is blown around in the dust, which we ultimately take into our airways and gut systems, also consists of spores and resistant forms, so it seems likely that it is spore-formers which are primarily responsible for environmental boosts to our microbiota diversity.
Ms. Repor-Tastory: Hhmm: I must confess that I hold my breath when passing someone creating a dust storm with one of those leaf blowers! Dr. Noitall-Most: Yes, Abi: this is a normal reaction -the stuff they suspend in the air is not particularly appetizing, given that it contains all sorts of animal gifts and, anyway, one can always have too much of a good thing.
On the other hand, as is well known, we humans do not make all the vitamins and other metabolites we absolutely need for good health, nor are they present in adequate quantities in the food we consume.
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It has always been assumed that our gut microbes supply us with all the essential nutrients we do not make ourselves, in exchange for the privilege of the nice warm and cosy, food-rich accommodation we provide. However, there is an increasing indication that some of our microbial supply of vitamins and other micronutrients does not come from microbial synthesis and release on site, in entero so to speak, but rather from the lysis of microbes in the gut, 13 resulting from our own digestive processes and from the unfriendly activities of predatory bacteria and microbial viruses.
A good example of this is vitamin B12, which is not made by plants and animals and only by a limited number of microbes, and apparently not released in sufficient quantities by our growing gut microbes to satisfy our needs. So the question is: how do we acquire enough? Interestingly, carnivorous predators, especially hyaenas, vultures, etc., often prefer the delights of the entrails of the prey, rather than its juicy meat, and many animals, like rodents, rabbits, dogs and even primates and, to some extent, piglets and foals, practice coprophagythe eating of faeces. According to a world-renowned expert, 4,13 the microbial contents of the GI tract may be an important -hitherto unappreciated -supply chain of essential trace nutrients present in microbes that we digest and thus exploit as food. Dr. Noitall-Most: Yes, but obviously in the case of human primates, recognition of the importance of the oral-faecal route for transmission of infectious diseases has somewhat dampened our enthusiasm for coprophagy -in fact we have become coprophobic, and developed other supply chains over time. One may be a high meat diet; another may be co-evolution of humans and our microbiota, resulting in our microbiota containing sufficient numbers of those bugs able to produce B12 which, after careful cultivation, we sacrifice to extract their vitamin content. And a third may be a regular intake of a goodly quantity of microbial bounty from the environment. So perhaps when you pass a nice fella wielding a leaf blower, instead of holding your breath, you might consider the possibility that his efforts to herd leaves may concomitantly be unwittingly herding vitamin-rich microbes in your direction to supplement your diet, and which may reduce your need to continuously pop vitamin pills.
Ms. Repor-Tastory: Gosh: that is interesting! I spend a small fortune on vitamin supplements which otherwise could be used to upgrade my gym subscription.
Dr. Noitall-Most: Exactly, but let's move from microbes as food supplements back to microbes as agents of human microbiota diversity. In addition to the aforementioned sources, there are other provenances of transient microbe immune stimulation. Most of us, when we exit from the built environment, breathe in significant quantities of frass particles -insect excreta -with heavier doses delivered in certain settings, like near beehives, wasps nests, etc., which provide a steady stimulation of the lung immune system, as well as sometimes contributing to the development of asthma. 14 And then there are those individuals who regularly program the uptake of significant quantities of diverse microbes, like farmers, butchers, fisher(wo)men, cleaners, etc., who handle microbially-rich materials, and who may unconsciously sample the rich flora of their unwashed hands during mealtimes. And sword swallowers. And then there is the special case of gardeners, who joyfully eat the bounty of their efforts plucked directly from the soil or tree, or who bite their nails or suck their thumbs, and thereby enrich their microbiota with new friends from soil, plant surfaces, manure, and anything else they happen to handle. bing, after which they are amazed to discover themselves lying on the pavement with their tongues out until rescued by a good Samaritan, because pickling also damps down immune responses, quite apart from other negative impacts on health, and hence negates any benefits of the rich microbial intake.
Ms. Repor-Tastory, screwing up her fact contritely: Yes, this only happened to me once and was soooo embarrassing that I vowed never to indulge like that again, at least outside the privacy of my own home. But you are quite correct: the world, as viewed from the floor looks very different! Dr. Noitall-Most: Ah: you bring up an important point! When we consider microbial intake via air, we implicitly assume air at a level of about 1.6m, the average nosemouth height of adults. . .. . . a bit more for the Dutch, Montenegrins and Scandinavians. 16 However, in addition to the occasional character who gets pickled, all infants spend considerable periods of their lives with their noses-mouths close to the floor. Moreover, their joyful exploratory scrabblings in the minimal gravity impact zone resuspend the dust that had previously settled and quietly accumulated on the to-be-explored floor, 16 so they actually create their own air composition to vacuum up, which is very different from the air Mum and Dad breathe in, 1.6m further up. Anyway: to return to the usual situation, 1.6m up, where the microbe-laden air delivers its microbial diversity bounty to our airways and GI tract.
Ms. Repor-Tastory, looking vaguely doubtful: Yes, well, I suppose having cocktails on the terrace while surveilling the approaching air sparger-generated haze of microbially-saturated vapour wafting over from the waste treatment plant, and surrounded by the hunt pack going crazy, racing between people's legs, might have its compensations. . ...But anyway, didn't I read somewhere that compost heaps and the like contain pathogenic bugs?
Dr. Noitall-Most: Aahh, I'm very glad you raised this issue, Abi! In fact, there is a plethora of publications attesting to the presence in all sorts of environments, including shower curtains, of microbes which belong to species which contain representatives that sometimes cause infections. 19 However, such so-called pathogens mostly cause disease in patients that are hospitalised and often have compromised immune responses -the so-called nosocomial or hospital-acquired infections.
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In fact, with a few exceptions, there is little robust epidemiological evidence for the pathogenic ability of most environmental bugs related in some way to microbes causing nosocomial infections, and hence for them to represent a health hazard. Moreover, phylogenetic assignments regularly change as they are updated, entraining alterations in previously-proposed (perceived) relationships with other bugs, so assigning a taxonomic label that relates an environmental bug to a microbe that has at some point in the past been implicated in an infection, and then concluding without any causal evidence that the environmental relative is a hazard, is a highly dubious practice often used in an attempt to add attention-catching drama to descriptive studies lacking design to test the hypothesis that is proposed. involve a few metagenome sequences and some handwaving about potential dangers, with a conclusion that the findings merit further investigation. Having done the easy bit and published a paper, the authors move on sharply, leaving the difficult bit of establishing causality to others, which usually means it never gets done: so-called throw over the fence-type research.
Ms. Repor-Tastory: Well, that is most unsporting! Dr. Noitall-Most: Absolutely! And: most studies are only qualitative: a bug is shown to be present in the sample. But as all microbiologists know, an infection requires an infective dose, 21 that is: a pathogen is able to cause disease only when present in sufficient numbers. Infective doses are pathogen-specific: for example, among the diarrhoea-causing bacteria, an infective dose of Shigella may be a single bacterium, whereas an infective dose of Vibrio cholera may be as high as ten million. And, switching from an environmental lifestyle to a pathogenic lifestyle is very resource costly, 22 involving a major genetic expression program switch and the expenditure of much energy to produce all the microbial weaponry needed for the ecological battle with the host that is the basis of an infection. As a result, pathogens do a body count -the so-called quorum sensing process 22 Ms. Repor-Tastory: Well, yes, but I must admit to a certain aversion to dribbling babies and slobbery dogs that have just returned from walkies.
Dr. Noitall-Most: Talking about dogs, I must share with viewers new information about how they distribute their microbial bounty to us. A fascinating aspect of the influence of dogs as family pets that was explored by the renowned mathematician, Professor Fidget Jones, 25 who served as the statistician, modeller and Deputy Coordinator of GLOPS, was the importance of slobber, you know, the frothy stuff decorating and dripping from the mouths of excited dogs that is periodically centrifugally jettisoned by vigorous flicks of the head, especially when a flea in the ear decides to go on a walkabout to make sure her canine friend is awake and paying attention. The force and trajectory of which may be modulated by Fido's tongue. Well, it turns out that slobber is a perfect growth medium for many microbes that end up in the mouth, especially the vast array acquired during daily walkie sampling campaigns, so is chock-a-block with an amazing diversity of bugs. Anyone within range of the head flick shower is immediately gifted substantial numbers of all sorts of exotic microbes originating from the varied local flora and fauna inhabiting or visiting the walkie routes.
Ms. Repor-Tastory, indicating intense distaste: Uuhhh! You mean that I need to be sprayed by that disgusting stuff in order to keep my immune system alert?
Dr. Noitall-Most: Sorry Abi: at least two books by famous microbiomologists carefully document the issue of why dirt is good for us. 18 But to return to the topic of discussion: in addition to its occasional violent ejections, slobber is also distributed more discretely though dripping and licking. Of course, the amount of slobber produced and shared with us does vary quite a lot from dog to dog, which raised the issue of interpretation and predictability of slobber production. Therefore, Fidget decided to formulate an equation that would provide a slobber index, or SLIND, 26 which specifies the degree to which family members are regularly gifted, via their canine family member, with a microbial bounty.
From a SLIND value, Fidget is able to accurately predict the diversity, the so-called a diversity, of skin microbiota and, with slightly less precision, that of the gut microbiota, of dog-owning individuals. The a diversity value is then employed as a key parameter in a new allergy susceptibility model which generates personalized predictive allergy susceptibility indices.
Ms. Repor-Tastory: Well, I never: so slobber production can be an important contribution to the health of our microbiota and may influence our susceptibility to hay fever in the Spring! which was responsible for microbe isolation and characterisation in the GLOPS study, to explore the possibility that slobber production was influenced by buccal microbes.
And indeed they were able to isolate two closely related bacteria that were abundant in slobber-super dogs but undetectable in slobber-poor dogs. When these bugs were given to slobber-poor dogs in a commercial dog food, they caused the subjects to produce so much slobber that they left a trail wherever they went in the house -more or less like a snail-slug trail, but rather more impressive. Unfortunately, one dog quickly ruined a rather expensive oriental rug in the house of its house-proud owner, and another made a bit of a mess of the linen on the children's bed on which it slept. AND, crucially, both ruined the best shoes of the ladies of the households, so the trial was aborted because the dogs were suffering unnecessarily from the unhappiness of their usually happy owners, and all the screaming going on. Nevertheless, the new bacteria were unambiguously shown to play a major role in slobber production and were given the names Slobbercopius paintballa and S. jettisona, which they nicknamed Slop and Sloj.
Slop 28
Ms. Repor-Tastory: Oh, poor dogs! Dr. Noitall-Most: Quite! Anyway, initial studies to determine how Slop and Sloj induce slobber flow suggests that they produce both a hormone-like compound they designated canine slobber-inducing compound, or CSIC, that turns up production of saliva by the dog, and a new biosurfactant 29 they designated soap-like oral substance, or SLOSH, that acts like soap, turning all that extra saliva into a soapsud-like slobber full of microbes growing in the buccal cavity.
Ms. Repor-Tastory: Wow: so slobber is microbially-triggered! Ok, so finally, let me come to my traditional closing question: are there any applications of this part of the GLOPS investigation?
Dr. Noitall-Most: Yes, of course, Abi! Firstly, there is the key issue of maintaining diversity of our microbiomes. While some folks are able to have pets and live next to the municipal waste treatment facility, many are not, so all the major food companies are developing so-called microbiota diversity enhancement treatments, usually bug-packed capsules that can be taken with a cup of cocoa, or a single malt and water, just before retiring. The capsule fillings are mostly spores of a wide range of microbes found in the environment.
The earliest to come to market will be based on microbes washed from crop plants, because regulatory approval is a simple process, since we already consume such bugs in our diet and the treatment does not represent anything fundamentally new. However, these microbe mixes are not exceptionally diverse, so other sources are being explored, including compost, but these will have to undergo rigorous safety testing before they will be authorised.
Ms. Repor-Tastory: Oh: I am not sure I would want to swallow compost last thing at night. . ...
Dr. Noitall-Most:
Well: there is always the option of mucking out the stables. . .. . .. But, seriously: I have heard on the grapevine that the public health department of one state that is rather wealthy and technologically advanced will soon carry out a limited trial involving the mass feeding of an aerosol loaded with a highly diverse but well characterised microbial flora into its metro system. Apparently, there has been a high level of uptake of an offer of lifelong free healthcare for regular metrousers in exchange for regular detailed monitoring over a 10-year period, so this trial will be exceptionally well documented and will show whether or not environmental engineering for microbial diversity is helpful for our health and, if so, in what ways. And. . ..this trial without doubt marks the beginning of a new era of pro-active environmental engineering interventions by public health agencies for microbiota delivery for different health objectives.
Ms. Repor-Tastory: Gosh! But, then, such public health environmental engineering campaigns are not in principle different from the practice of adding iodide to table salt to eliminate iodine deficiency in the population, 30 or of fluoride to table salt, drinking water and toothpaste, to reduce dental caries 30 or, for that matter, distributing rabies vaccine in the countryside to eliminate rabies in foxes and the like. 30 But live organisms in the metro? I have always thought that microbe transmission in subways was something to be avoided! Dr. Noitall-Most: Yes, Abi, you are right. But the thing is: while the effectiveness of microbe transmission in semienclosed spaces is bad news for transmission of pathogens, it is good news for the transmission of healthy bugs. And, of course, one might be forgiven for considering the possibility that there may be additional, undeclared reasons for this trial, such as removal of the motivation to live all on top of one another near waste treatment facilities, etc., and the unnecessary and unsustainable rises in accommodation prices in such areas.
Ms. Repor-Tastory: Oh, yes: it would be soooo nice to abandon the pig slurry and hound pack in favour of a quiet garden smelling of roses! Dr. Noitall-Most: Mind you: subways are not a particularly efficient means of distributing anything, because of the enormous dilution effect, the total volume:personal space volume ratio. So, if the practice of public health environmental engineering, or PHEE, really gets going, for example for annual mass immunization against prevalent flu strains, or to distribute vaccines against the usual childhood infections, it will more probably involve people walking through a sort of dosed air blade 31 placed at head height, while taking a deep breath.
Ms. Repor-Tastory: Gosh, how interesting: this is sort of PHEE would be equivalent to a sheep dip.
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Dr. Noitall-Most: Errr, yes: thank you Abi! But perhaps the most exciting application of these findings is being enthusiastically explored by the Lorenzo von Syntech High Security Institute for Artificial Life in Madrid, headed by the world-renowned Professor Vic Torde, is the use of synthetic biology approaches to engineer an undisclosed super gut coloniser producing high levels of micronutrients we cannot make ourselves, starting with vitamin B12. 13 The goal here is that such a bug, once introduced into our GI tract, would ensure that no-one would suffer from micronutrient deficiencies any more.
Ms. Repor-Tastory: Oh, this sounds like an even more promising development to allow me to abandon my vitamin pills in favour of a gym upgrade! Dr. Noitall-Most: Another application results from the finding that the SLOSH biosurfactant is exceptionally effective at removing wine stains from cotton and other fabrics, and hence is being developed as an upmarket bio-stain remover -this will undoubtedly go like a bomb with organitarian wine enthusiasts. However, it turns out that production levels of SLOSH by Slop and Sloj grown in fermenters are so low that it cannot yet be commercialised. 33 To get around the low production levels, Vic is also using synthetic biology approaches to design a new cell factory based on a genetically-stripped down Pseudomonas KT2440 chassis 34 that channels almost all of its carbon and energy to the manufacture of SLOSH. Interestingly, as viewers can see on the image now being shown, 35 this strain produces SLOSH in the form of micropearls.
The researchers at LvS have given this form of the surfactant the name synthetic biology soap-like oral substance micropearl stain remover, or SYBSLOSMPSR (pronounced sib-slos-empeser), although the company involved in its commercial exploitation has intimated that this name may not be outstandingly attractive for marketing purposes.
Ms. Repor-Tastory: Gosh: they really do look like pearls! But how do the LvS researchers get the pearls out of the bacteria?
Dr. Noitall-Most: Excellent question, Abi. In fact, this is a fundamental problem of some microbial biotechnology processes -the extraction of intracellular products -that has occupied researchers for some years now. 36 But now, a promising new approach has been developed exploiting predatory bacteria, like Bdellovibrio, to lyse the cells and release their contents, 36 including micropearls.
In fact, the KT2440 cell factory has worked out so amazingly well that Vic and his associates are now introducing into it biochemical pathways for the creation of new variants by modification of the SLOSH chemical skeleton. The first variant created has been shown to act as an emulsifier at ambient temperatures and to become irreversibly rigid at high temperatures, and moreover has a flavour of chocolate. Because a brief whipping of solutions containing this variant gives a mousse-like product which becomes perfectly stabilised during cooking, Vic is exploring its use to create the perfect chocolate mousse.
Even more interestingly, he finds that the chemical tuning of a couple of parts of the SLOSH molecule yields all sorts of new flavours, reminiscent of raspberry, artichoke, fermented herring, etc., so believes that he will be able to discover entirely new flavours for the chefs of tomorrow.
Ms. Repor-Tastory: Golly: that is absolutely fascinating. Well, viewers: on that culinary note, we end this edition of 'Discoveries that Change our Lives'. We will be back next week with a follow-up edition to reveal some more of the amazing findings of GLOPS and its experimental follow-up. ., et al. (2014) duced and accumulating in and around the mouth, prior to distribution by centrifugal head action, shaking or dripping. It ranges from 1 to 100, with 1 representing essentially no slobber (essentially the dog is moribund) and 100, representing serious distribution of 10 13 microbes per day, typically in 1litre of slobber. The formula derived by Professor Fidget is:
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where W = dog weight, a variable with values of 0 (= < 2kg), 1 (= 2-5 kg), 2 (= 5-10 kg), 3 (= 10-20 kg), 4 (= 20-40 kg), 5 (= 40-60 kg) and 6 (= > 60 kg), N = neck muscular strength, approximated by the number of seconds it takes to extract a tennis ball from the dog's mouth, T o = tongue length in cm, T = tail factor: weight x length of tail (provides body stability to, and increases the thrust of, the neck movements involved in slobber scattering), A = age of the dog, with values of 1-4, corresponding to puppy (1), teenage (2), adult (3) and pensioner (4), with maximal activity for 2 and 3, and reduced activity for 1 and 4, S = frequency of sneezes precipitating slobber distribution, with values of 1 (usually no sneezes) or 2 (usually multiple sneezes), F t = average number of faecal treats allowed by mum or dad per walkie, approximated by the number of social media messages received per hour, with values of 0 for 0-2 messages, 1 for 3-5 and 2 for 6+, P = frequency of neck flicks provoked by fleas having their blood snacks: equates with external parasite load, which tends to increase both scratching and slobber distribution, and is approximated by the number of fleas collected by one pass of the flea comb over the back of the neck, with values of 0 for <2 fleas in evidence, 1 for 3-5, and 2 for 6+, Eeek c = level of excitement, averaged over the day, caused by excitable children stepping on tail, with a fixed variable of 5.6 for 0-5 events, Eeek o = level of excitement caused by becoming oestrous (female) or by proximity to an oestrous female (male), with values of either 0 (no oestrous female influence) or 27, Eeek p = frequency of chase-able animals in the environment, such as a poodle next door, a cat, a fox (especially hunting dogs), a fixed variable of 3.77, D = dehydration factor = frequency of water bowl drying out because owner forgets to fill -approximated by the number of units of alcohol consumed per day, where a 1-3 unit consumption has a value of 1, 4-6 units has a value of À12, 6-10 units has a value of À16, and 10-20 is lethal (for both the owner and the dog), and the SLIND value necessarily becomes 1, F o = frustration term for the lack of responsiveness of owners to requests for walkies to empty bladder, a variable with a fixed value of √7/19p B = barking frequency, with values of 2 for 2 hours of barking and -2 for longer periods. A SLIND value obtained is then used to calculate the a diversity allergy susceptibility of a family member, using the following relationship:
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The diversity (a) and susceptibility index (ξ) have a joint distribution, described by multivariate normal. Diversity is obtained by summing up population baseline diversity a 0 , and then canine members diversity a c multiplied by immigration rate I m between the canine and family member m. Then some noise is added so that the diversity in family member m is only approximately sum of baseline diversity and canine diversity. Susceptibility index is calculated by multiplying the personal susceptibility of family member m with microbiome diversity in the canine. 27 
